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Abstract

Increasing evidence suggests that androgen independent prostate cancer maintains a functional
androgen receptor (AR) pathway despite the low levels of circulating androgen following
androgen withdrawal, the molecular mechanisms of which are not well defined yet. To address
this question, we investigated the effects of ET-1 on AR expression. Western analysis and RT-
PCR revealed that in the presence of ET-1, levels of AR significantly increased in a time- and
dose- dependent manner in LNCaP cells. Pre-treatments with inhibitors of Src and
Phosphoinositide Kinase 3 (P1-3K) suppressed ET-1-induced AR expression. As ET-1 was
reported to cause a transient increase in c-Myc mRNA levels, we examined the involvement of c-
Myc in ET-1-mediated AR expression. Transient transfection of c-Myc siRNA neutralized ET-1-
induced AR expression, suggesting that AR induction by ET-1 is c-Myc dependent. AR can
regulate the transcription of its own gene via a mechanism in which c-Myc plays a crucial role.
Therefore, we assessed if ET-1-induced-c-Myc leads to the enhancement of AR transcription.
Reporter gene assays using the previously identified AR gene enhancer containing a c-Myc
binding site were conducted in LNCaP cells. We found that ET-1 induced reporter gene activity
from the construct containing the wild type but not mutant c-Myc binding site. Chromatin
immunoprecipitation assays confirmed that ET-1 increased interaction between c-Myc and c-Myc
binding sites in AR enhancer, suggesting that ET-1-induced AR transcription occurs via c-Myc-
mediated AR transcription. Together, these data support the notion that ET-1, via Src/PI-3K
signaling, augments c-Myc expression leading to enhanced AR expression in prostate cancer.

INTRODUCTION

The prostate gland is regulated by androgen, the action of which is mediated by the
androgen receptor (AR). Increasing evidence demonstrates that the majority of androgen
independent PCs expresses AR and other androgen-regulated genes such as PSA. We have
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observed that LNCaP cells surviving in culture in androgen-depleted medium exhibit up-
regulation of AR expression [1]. Increased levels of AR protein has been implicated in
enabling cells to more effectively use low levels of androgens [2, 3]. Visakorpi et al.
reported AR gene amplification and over-expression in one-third of hormone-refractory,
recurrent PCs [4]. To determine whether enhanced AR expression, following androgen
withdrawal results from increased gene copy number, Holzbeierlein et al compared AR
levels in androgen independent PC patients with androgen dependent primary PC patients by
microarray analysis [5]. A significant increase in the level of the AR mRNA was detected in
all androgen independent PC samples tested. Immunohistochemistry and fluorescent in situ
hybridization revealed that only 8 of 29 androgen independent PC with high levels of AR
had increased gene copy number, indicating that strong expression of the AR may occur by
mechanisms other than gene amplification [5]. To identify these other possible mechanisms,
we have examined the microenvironment after androgen withdrawal in PC. One of the major
pathological characteristics in PC following androgen withdrawal is development of
neuroendocrine (NE) differentiation [6]. A large number of recent studies suggest that NE
differentiation, as reflected by increased tissue expression and/or blood levels of
neuroendocrine secretory products such as Endothelin-1 (ET-1), correlates with poor
prognosis, tumor progression, and androgen-independence [7, 8]. Our previous studies have
also demonstrated that neuropeptides can regulate the AR pathway by transactivating AR
and its coactivator p300 [9]. In this report, we investigated the possibility that neuropeptides
contribute to enhanced AR expression in androgen-independent PC [10].

Endothelin-1 is a 21-amino acid peptide that is a cleavage product of the less potent 39-
amino acid prohormone big ET-1 [11]. ET-1 protein is highly expressed by PC cell lines and
PC tumor specimens, and elevated levels of plasma ET-1 are present in men with androgen-
independent PC. Moreover, ET-1 significantly potentiates androgen-independent PC cell
growth mediated by polypeptide growth factors such as IGF-I, IGF-11 and EGF [12]. ET-1 is
normally produced by prostate epithelial cells, which express ET-1 receptor subtypes A and
B (ETa and ETg receptors) [13]. The mitogenic effects of ET-1 can be blocked by the
addition of a selective antagonist of the ET a but not the ETg receptor, suggesting that the
effects of ET-1 are mediated through the ET a receptor [12]. On activation by ET-1, ETp
interacts with and activates a G-protein coupled receptor (GPCR) that triggers a parallel
activation of several signal-transducing pathways.

The human AR gene contains at least four androgen response elements (ARE) and is itself
regulated by AR [14]. This androgen-mediated up-regulation of AR mRNA is
transcriptional and cell specific [14, 15, 16]. Deletion and mutational analysis indicated that
one c-Myc binding site in the AR gene is species conserved and required for AR
transcription. Aside from regulation by androgen, it has also been reported that IL-6
increases AR mRNA and protein expression, suggesting that factors other than androgen can
also enhance androgen activity by up-regulating AR [17].

In the present study, we examined the effect of ET-1 on AR expression. We report that in
the presence of ET-1, levels of AR protein and mRNA significantly increase and ET-1-
induced AR expression is suppressed by inhibitors of Src and PI-3 K or by knock down of c-
Myc. A construct containing a mutant c-Myc binding site in AR gene abrogated ET-1-
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induced AR transcription. Together these results suggest that ET-1 can augment AR
expression via the Src/P1-3K/c-Myc pathway in PC cells.

MATERIALS AND METHODS

Chemicals and materials

Cell culture

Endothelin 1 (ET-1) was purchased from Sigma-Aldrich (St. Louis, MO). Src kinase
inhibitor PP2 and Akt/P1-3K inhibitor, LY294002 were purchased from Calbiochem Inc. (La
Jolla, CA). ET-1 receptor antagonists, BQ123 and BQ788 were purchased from Sigma-
Aldrich (St. Louis, MO).

PC cell lines were maintained as described previously [9]. LNCaP cells (a kind gift from Dr.
WD Heston, Cleveland Clinic, OH) and PC3 cells were maintained in RPM11640
supplemented with 2 mM glutamine, 1% nonessential amino acids, 100 U/ml streptomycin
and penicillin, and 10% FBS. Medium were replaced with MEM containing 5% charcoal
stripped serum (CS) 24 hours before various treatments. Afterwards, cells were washed with
PBS for three times and harvested. Cell pellets were frozen at —80 °C for future use.

Western blot analysis

Fifty pg of proteins were resolved by SDS-PAGE, and transferred onto nitrocellulose. The
membrane was blocked, exposed to primary antibodies to AR and c-Myc (Santa Cruz
biotechnology, Inc. Santa Cruz, CA) and B-actin (Sigma-Aldrich, St. Louis, MO), secondary
antibody and ECL reagents (GE Healthcare, Buckinghamshire, UK) according to standard
procedures provided by the supplier. Exposed and developed films were scanned for
densitometric analysis using the gel scanner mode of ImageJ software v 1.33 (National
Insititutes of Health, Bethesda, Maryland USA) and plotted in relative units of actin-
normalized pixel counts using GraphPad Prism version 4.00 for Windows (GraphPad
Software, San Diego California USA).

Real-time PCR and RT-PCR

Total RNAs from cell samples were extracted using the Qiagen RNeasy Mini kit (Valencia,
CA). One Og RNA served as the template for first strand synthesis using a random primer
and 125 U of MultiScribe ™-reverse transcriptase (TagMan Reverse Transcription Reagents,
Roche, Branchburg, NJ). For real-time PCR, the primers used were human androgen
receptor (from RealTimePrimers.com, Elkins Park, PA) 5 CCT GGC TTC CGC AAC TTA
CAC 3’ (forward) and 5’GGA CTT GTG CAT GCG GTA CTC 3; 18SrRNA, 5’CGA GCC
TGG ATA CC3 (forward) and 5 GCC GTC CCT CTT AAT CAT GG 3’ (reverse).
Oligonucleotides were synthesized commercially (Invitrogen, Carlsbad, CA). Quantitative
real time PCRs were performed with the ABI 7000 system and using SYBR Green PCR
Master Mix (Applied Biosystems, Foster City, CA). Thermocycling was carried out in a
final volume of 20 pl, containing 2 ul of cDNA sample, 4 mM MgCI2, 0.1 uM primers and
10 ul SYBR green | Master mix. After a 10-min initial denaturation at 95°C, the 50 cycles
run consists of a 15-s denaturation step at 95°C and an annealing and extension step at 58°C
for 1 min. The mean of three repeated PCR values was used in the statistical analysis.
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Results were normalized to 18S to reduce variability between RNA amounts introduced into
the RT-PCR reactions.

Transfection and Measurement of CAT Activities

For PC-3 cells, 10 pg of plasmid DNA were transfected with either p350CAT (c-myc wild
type and mutant) plasmid DNAs with or without cotransfection of 2 ug of pFLAGAR
expression vector DNA using Lipofectamine (Life Technologies, Inc.) according to the
manufacturer’s recommendations. Cells grown in phenol-free medium containing CS serum
for 24 h were then treated with different reagents for an additional 24 h. Cells were
harvested, and cell lysates were prepared for performing CAT assays using a CAT assay
system (Promega Corp., Madison, WI). Each transfection experiment was performed in
duplicate or triplicate on at least three separate occasions. Results represent an average of
independent experiments with data presented as relative CAT activity using means of
untreated controls as standards.

Chromatin immunoprecipitation (Chip) assays

ChlIP assays were performed using the CHIP-IT TM KIT according to the manufacturer’s
recommendation (Active Moatif, Inc., Carlsbad, CA). Briefly, LNCaP cells were plated in
150 mm dishes overnight, re-fed with phenol red-free PRMI medium containing charcoal
stripped serum for 48 hr, and then treated with 50 nM ET-1. Eighteen hours later, cells were
fixed with formaldehyde, which cross-links and preserves protein/DNA interactions. DNA
was then sonicated into small uniform fragments and the DNA/protein complexes were
immunoprecipitated using either rabbit normal IgG or a rabbit antibody against c-myc
(Santa Cruz Corp., CA). Following immunoprecipitation, DNA cross-linking was reversed,
and proteins removed with proteinase K treatment. After DNA purification, PCR analysis
was performed to compare the enriched amounts of immunoprecipitated DNA. Negative
control primers (Forward: 5-ATGGTTGCCACTGGGGATCT-3’ and Reverse: 5'-
TGCCAAAGCCTAGGGGAAGA-3') were provided by the manufacturer to amplify a
region between glyceraldehydes-3-phosphate dehydrogenase (GAPDH) gene and the
chromosome condensation-related SMC-associated protein (CNAP1) gene. In CHIP assay,
c-myc primers were used to amplify a 246bp DNA fragment in androgen receptor genomic
DNA. This region includes partial DNA sequence in exon D (Sense primer: 5/-
ACTGAGGAGACAACCCAG) and partial DNA sequence in intron between exon D and E
(Antisense primer: 5-TCTCATGCTCCCACTTCC) in AR gene. PCR products were loaded
on 2.0% agarose gel for separation.

RESULTS

ET-1induces AR RNA and protein expression

Increased levels of AR protein have been implicated in progression to androgen independent
PC, enabling cells to more effectively use low levels of androgens [2, 3]. To determine
whether products of neuroendocrine differentiation may affect AR expression, we measured
the effects of ET-1 on the expression of AR in LNCaP cells cultured in CS medium by
Western analysis. AR protein levels increased 2.4-2.9 fold compared to untreated control in
dose- and time- dependent manner (Figure 1 A & B). As shown in Figure 1C & D, RT-PCR
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confirmed that treatment with 50 nM ET-1 for 18 hours resulted in increased AR transcripts
(2.7 fold) which paralleled the increase in AR protein. These data demonstrate that ET-1
increases AR mRNA and protein in LNCaP cells under low testosterone conditions.

We next assessed the effects of inhibitors of ET-1 signaling on AR expression. Neutral
endopeptidase (NEP) specifically catalyzes the degradation of ET-1. Treatment with
recombinant NEP blocked the ET-1 mediated increase in AR protein (Figure 2A). Similarly,
incubation with ET-1 receptor antagonists (ET a receptor antagonists BQ123 and ETg
receptor antagonist BQ788) showed that ET 5 receptor antagonists BQ123, but not ETg
receptor antagonist BQ788, neutralized ET-1-induced AR expression (Figures 2B).
Furthermore, we conducted real time PCR with ET-1 treatment following pre-exposure to
ET a receptor antagonist BQ123 or neutral endopeptidase (NEP). The results of real time
PCR shown in Figure 2C, demonstrated that ET-1 resulted in a 2 fold increased of the levels
of androgen receptor mRNA which was consistent with that of RT-PCR and Western Blot
analyses (Figure 2A & B). Suppression of ET 4 receptor or degradation of ET-1 blocked
ET-1-induced up-regulation of AR mRNA. These data demonstrate that ET-1-induced AR
expression is specific to ET-1 treatment and its cognate ET 5 receptor.

C-Myc siRNA suppresses ET-1-mediated AR expression

ET-1 can cause a transient increase in c-Myc mRNA levels [19]. C-Myc has been reported
to mediate AR transcription, suggesting that ET-1-included AR may be mediated via c-Myc.
We found that c-Myc protein increases in the presence of 50 nM ET-1 in LNCaP cells
(Figure 3A). Transfection of c-Myc siRNA, which decreased c-Myc protein (data not
shown), eliminated induction of AR by ET-1 (Figure 3B). These data suggest that ET-1-
induced AR expression is mediated via c-Myc.

Src and PI-3K are responsible for ET-1-induced AR expression

Studies from our lab and others have shown that ET-1 activates Src kinase in PC cells, and
that Src kinase causes significant transcriptional activation of Myc [20, 21]. Pre-incubation
with the Src inhibitor PP2 eliminated ET-1-induced AR expression (Figure 4A) [20].
Dominguez-Caceres et al. (2004) reported that Akt activation was required for Src initiated
activation of c-Myc expression [22]. Therefore, we next tested the effect of PI13-K inhibitor
LY294002 (LY) in ET-1-mediated AR expression and showed that ET-1-induced AR
expression was suppressed by Akt inhibitors (Figure 4 B). As expected, PP2 and LY also
inhibited ET-1-induced c-Myc expression (Figure 4C). Together, these data suggest that
ET-1-induced AR expression is mediated by the Src/P1-3K/c-Myc signaling pathway.

ET-1-induced AR transcription is blocked by mutated c-Myc

To more thoroughly elucidate the mechanisms by which ET-1-induced c-Myc expression
leading to a transcriptional increase in AR, we examined the effect of ET-1 on AR
transcription. Dai JL, et al., (1996) identified a 350-bp enhancer containing two AREs
(ARE-1 and ARE-2 located on exons D and E, respectively) that confer androgen-specific
regulation of AR messenger RNA [14, 15, 16]. A Myc consensus site is located within the
350-bp fragment and is required for androgen regulation. Mutation at this c-Myc site has
previously been shown to decrease physiologic androgen induction (Figure 5A). We
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therefore compared the effect of ET-1 on AR transcription between plasmids
p350wtMycCAT and p350mMycCAT [15]. Following co-transfection of p350wtMycCAT
or p350mMycCAT with the AR expression vector pFLAG-AR into PC-3 cells. Cells were
cultured in the presence and absence of 50 nM ET-1 and CAT activities measured. The
results demonstrated that in the absence of ET-1, CAT activities of both vectors were
similarly low. However, in the presence of ET-1, CAT activities were increased to 1.5 fold
(p<0.001, with treatment of 50 nM ET-1 vs. without treatment) in cells containing
p350wtMycCAT, whereas no enhanced CAT activities were detected in cells containing
p350mMycCAT (Figure 5B). These data suggest that treatment with ET-1 enhances c-Myc
expression that sequentially interacts with the c-Myc site in the AR gene leading to an
increase in AR expression. The results from CHIP assays further verified that after pull-
down of DNA-protein complexes with c-Myc antibody and amplification of chromatin
DNAs with c-Myc primers, the PCR products of LNCaP cells with ET-1 treatment were
enriched in comparison with that of PBS treatment, or the pull-down with control 1gG (lanes
7 vs. 6 and 4, Figure 6A). In contrast, when the control primers and DNA templates (see
Methods) were used, no differences could be detected between treatments of ET-1 and PBS
(Figure 6B). The data suggested that ET-1 treatment augmented c-Myc expression and
consequently led to increased interaction between c-Myc and c-Myc binding sites in AR
enhancer. In order to examine whether the enhanced expression of AR leads to increased
expression of AR regulatory genes, we conduced Western blot analysis to determine the
expression of prostate specific antigen (PSA) in the presence of ET-1. As shown in Figure
6C, the treatment of 50 nM ET-1 resulted in an increased of PSA expression, which was
eliminated by pre-treatment of BQ123 or NEP. The data suggest that ET-1 increases the
expression of AR target gene.

DISCUSSION

Increasing evidence demonstrates that neuroendocrine (NE) differentiation in prostate
cancer (PC) contributes to androgen independent progression. Recent studies have focused
more closely on AR regulation, expression, and function to explain the development of
androgen-independent PC [2]. We have previously studied the involvement of neuropeptides
in PC progression and shown that neuropeptides can induce activation of Src, ligand-
independent phosphorylation of the IGF-1 receptor and Akt, and rapid PKCS degradation
[20, 23]. Furthermore, we have also shown that neuropeptides lead to aberrant regulation of
glucocorticoid receptor splicing, and attenuate apoptosis via the Akt/survivin pathway [24,
25]. In the present study, we studied neuropeptide regulation of the AR in PC cells. We
demonstrate that: 1) ET-1 increases AR protein and mRNA levels; 2) Inhibitors of Src and
P1-3K suppresses ET-1 induced AR expression; and 3) ET-1-induced AR expression is
suppressed by c-Myc siRNA (Figure 7). These data are consistent with c-Myc acting via the
intragene enhancer of AR. Our findings are the first to demonstrate neuropeptide-mediated
AR up-regulation and provide a possible mechanism by which AR expression increases in
androgen independent PCs after androgen withdrawal.

Our data indicated that ET-1 activates c-Myc via Src/P1-3K signaling. The neuropeptides
bombesin and ET-1 stimulate cSrc kinase activity and induce rapid degradation of PKC8
protein in PC cells [23]. Prolactin activates c-Myc via Src and P1-3K dependent Akt
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signaling in W53 cells [22], suggesting P1-3K is a downstream event of Src activation. ET-1
has also been shown to modulate insulin signaling through P13-K pathway in vascular
smooth muscle cells and induces phosphorylation of IGF-IRf and Akt, independent of IGF-I
in TSU-Prl, DU145, and PC-3 cells [19, 25, 26]. Therefore, our observation is consistent
with these earlier studies. However, the downstream events of PI-3K leading to activation of
c-Myc are not clear, although FKHRL1-GSK dependent events may bridge P1-3K signaling
to c-Myc activation [22]. The previous studies demonstrated that c-Jun and c-Myc mMRNAs
reached maximal levels 2 and 4 hours, respectively, after the addition of ET-1 [27]. In our
study, induction of AR expression required 18 hours (Figure 1). Therefore, c-Myc induction
precedes AR induction following ET-1 treatment.

The action of ET-1 on the prostate may be paracrine. Two receptors have been identified for
members of the endothelin family: endothelin receptor A (ETa) and endothelin receptor B
(ETpg). ETa has a higher affinity to ET-1 and ET-2, and less for ET-3. ETg binds all three
endothelin ligands identically, and may play an important role in ligand clearance. ET and
ETg receptors are both found in the normal prostate, whereas no ETg binding sites could be
detected in human prostate cancer cell lines. Unlike the loss of ETg in prostate cancer,
increased ET 5 expression has been associated with progression of prostate cancer [12, 28].
Our data that BQ123 (an antagonist of ET 5 receptor), but not BQ788 (an antagonist of ETg)
suppresses ET-1s effect demonstrate that it is ET 5 that mediates the effect of ET-1 to
trigger downstream cascade of events by which nuclear transcription of several proto-
oncogenes, including c-Myc and AR is induced.

Grad et al (1999) previously identified four functional AREs and a Myc consensus site in the
AR coding region [15]. It is of interest that these AREs and Myc site appear to be well
conserved (0 or 1 amino acid mismatches) among a number of species from rodents and
monkeys to birds and frogs. Conservation of these sequences is consistent with a role for
these regulatory elements in transcription of AR mRNA [15]. Our results showed that ET-1
induced c-Myc expression and consequently up-regulate AR transcription. The CAT
activities resulting from our positive control (DHT) in p350wtMycCAT (2 fold increase in
the presence of 10 nM DHT for 18 hours, Figure 5B) are lower than the previous report (7-8
fold changes in the presence of 50 nM of R1881 for 40 hours). This difference may be due
to our usage of different type and dose of androgen, as well as shorter incubation times from
the previous studies [15]. The induced fold of CAT activities by ET-1 is lower than the
enhanced fold of AR mRNA for RT-PCR analysis. The explanation could be that: 1) the
enhancer region (350 bp) selected for our study may be too short to include all cis-elements
that are required for ET-1 effect; or 2) the presence of other mechanisms by which ET-1
regulates AR mRNA stability.

Lin HK & Chang C et al, reported that “P13-K/Akt pathway can suppress AR activity in
LNCaP cells with low passage numbers. In contrast, it can also enhance AR activity in
LNCaP cells with high passage numbers”. “In LNCaP cells with low passage humbers,
IGF-1 can activate PI-3K/Akt pathway that results in phosphorylation at Ser210 and Ser790,
consequently changes AR protein stability” [29]. In our present study, we used LNCaP cells
with high passage number. In addition, these LNCaP cells were cultured in CS-containing
medium, instead of FCS-containing medium. The changes in the conditions may alter
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phosphorylation status of AR and also explained no suppression of AR activity by ET-1-
mediated activation of PI-3K/Akt pathway was observed in our system. Our previous studies
demonstrated that neuropeptides affect androgen receptor (AR) mediated transcription and
the activation of histone acetyltransferase activity of AR coactivator p300 in PC cells [9,
30]. ET-1 and bombesin share several similar signaling, implying that ET-1 may also
possess the function like bombesin to transactivate AR and activation of AR cofactor p300,
aside from affecting AR expression. Several studies reported that Src kinase could
phosphorylate tyrosine sites of AR and promote LNCaP cell proliferation in androgen
depletion condition [31]. ET-1 can activate Src kinase, and may also induce tyrosine
phosphorylation of AR, implying that ET-1 might also activate AR activity. Therefore, it is
worthy to further explore ET-1-induced activation of Src kinase and PI-3K/Akt and its
influence on AR activity. Our future investigations will focus on studies to explore ET-1
effect on transactivation of AR and its cofactors and decipher the intact profile of ET-1
effect on the AR signaling pathway.
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Figurel. Induction of AR by ET-1ison both protein and mRNA levels
(A) LNCaP cells were cultured in MEM supplemented with 5% charcoal stripped (CS)

serum. Twenty-four hours later, treatments of various concentrations of ET-1 (0, 0.05, 0.5,
5.0 and 50 nM) were carried out for 18 hours. Western blots of cell lysates were probed with
AR and actin antibodies respectively. (B) Lysates from LNCaP cells cultured in MEM
containing 5% CS and treated with 50 nM ET-1 at various time points (0, 1, 4, 18 hrs) were
subjected to Western analysis as described in (A). (C) & (D) RNAs extracted from LNCaP
cells with the same treatments as shown in (A) & (B) were analyzed by RT-PCR using
primer pairs specific to AR and actin and resolved on a 1% agarose gel. All experiments
were repeated at least three times with two independent preparations of cell lysates with
similar results. Relative density of band was calculated by taking control as 1.
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Figure 2. Induction of AR by ET-1 is specific to GPCR pathway
LNCaP cells cultured in medium containing 5% CS were pre-treated with recombinant

neutral endopeptidase (NEP) (50 ug/ml) which degrades ET-1 (A), ET-1 receptor
antagonists BQ123 (1 uM) and BQ788 (1 uM) (B), and then treated with 50 nM ET-1 for 18
hrs. Western blots based on these cell lysates were conducted and probed with AR and actin
antibodies. (C) Real time PCR analysis of the up-regulation of androgen receptor mMRNAS
by ET-1. Message RNASs prepared from LNCaP cells cultured in medium containing 5% CS
and treated with 50 nM of ET-1 for 18 hours following pre-exposure to BQ123, an ETp
receptor antagonist, or neutral endopeptidase (NEP) were subjected to real time PCR
analysis with a pair of primers specific to AR and normalized with 18s rRNA. The treatment
of 10 nM DHT was used as positive control. Relative levels of androgen receptor mRNAS
were calculated by taking control (no treatment) as 100. Experiments were repeated at least
twice with similar results. All data represent the average of one experiment and are
presented as mean + SEM, ** p < 0.01 represent statistical significance compared to the
value of control. All experiments were repeated at least two times with three independent
preparations of cell lysates with similar results.
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Figure 3. Induction of AR by ET-1 ismediated by the c-Myc pathway

Page 15

(A) LNCaP cells cultured in medium containing 5% CS were treated with 50 nM ET-1 for
18 hrs. Cell lysates were analyzed by Western blotting using c-Myc and actin antibodies
respectively. (B) LNCaP cells transfected with c-Myc siRNA by lipofectamine method were

lysed and subjected to Western analysis using AR, c-Myc and actin antibodies. All

experiments were repeated at least two times with three independent preparations of cell

lysates with similar results.

Mol Carcinog. Author manuscript; available in PMC 2014 December 30.



duosnue Joyiny vd-HIN duosnuey Joyiny vd-HIN

duosnuey Joyiny vd-HIN

Leeetal. Page 16

(A)
PP2 g - + +
ET-1 - + - g
AR e S e
W —— S — -
AR/actin 1 2.0 0.95 0.93
(B)
LY - - + +
ET-1 - 4 : i
AR s WD -
U - —
AR/actin 1 2.1 1.1 1.2
(&
ET-1 - T i i i n
PP2 . . £ £ y .
LY - - - - 4 ofs

clin - - G -

Figure 4. The effects of inhibitorsof Srcand PI-3 K on ET-1-induced expression of AR and c-
Mycin LNCaP cells
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LNCaP cells cultured in medium containing 5% CS serum were pre-treated with various
kinase inhibitors: PP2 (inhibitor of Src kinase) (100 nM) (A) and LY (inhibitor of PI-3 K)
(100 nM) (B) for 30 minutes. Following treatments with 50 nM ET-1 for 18 hours, cells
were lysed to conduct Western analysis using AR and actin antibodies. (C) LNCaP cells pre-
treated with LY and PP2 were treated with 50 nM ET-1 for 18 hrs. Cell lysates were
analyzed by Western blotting and probed using c-Myc and actin antibodies. All experiments
were repeated at least two times with three independent preparations of cell lysates with
similar results.
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Figure 5. CAT activities of a construct containing c-Myc binding sitein AR gene
(A) Schematic illustrating the structure of the plasmids p350wtMycCAT and

p350mMycCAT. The plasmid p350wtMycCAT is a vector containing the 350 bp regulatory
fragment of AR gene inserted upstream of tk the promoter and a CAT reporter. This 350 bp
region contains two AREs and one c-Myc binding site. Plasmid p350mMycCAT possesses
the identical construct except that the c-Myc binding site is mutated [15, 16]. (B)
P350wtMycCAT or p350mMycCAT were co-transfected with AR expression vector
(pFLAG-AR) into PC-3 cells by lipofectamine method. Twenty-four hours after
transfection, treatments with or without 50 nM ET-1 were carried out. DHT (1 nM) was
used as a positive control. Cells co-transfected with AR and p350wtMycCAT or
p350mMycCAT with PBS treatments were used as controls (lane Control). Cell lysates were

Mol Carcinog. Author manuscript; available in PMC 2014 December 30.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Leeetal.

Page 19

harvested and CAT activities measured. Relative CAT activities were calculated by values
of various treatments vs. Control (without treatment). P values were calculated.
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Figure6.
In vivo interaction of c-Myc with the c-Myc site in AR gene and ET-1-induced expression

of AR regulatory genes. (A) & (B) Chromatin immunoprecipitation (CHIP) assays showing
in vivo interaction of c-Myc and c-myc binding region. Complexes of DNAs and
transcription factors from LNCaP cells treated without and with ET-1 were subjected to
immunoprecipitated with antibodies of c-Myc and control IgG. The purified DNAs in the
supernatants (input) and imunnoprecipitates were amplified by PCR with primers specific to
c-Myc (A) and control primers (B) (see Methods). Lane 1 is 1 kb DNA marker (Fermentas
life science, MD). Lanes 2, 3 and 4 are the CHIP products from input, rabbit 1gG control and
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c-Myc antibody with PBS treatment. Lanes 5, 6 and 7 are the CHIP products from inpult,
rabbit 1gG control and c-Myc antibody with 50 nM ET-1 treatment for 18 hrs. The data
represent one experiment performed on three separate occasions with similar results. (C)
Cell lysates of LNCaP cells treated with 50 nM ET-1 or pre-exposure to NEP and ET-1
antagonists BQ123 or BQ 788 were subjected to Western analysis and probed with
antibodies of PSA and actin.
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Figure 7. Schematic illustrating the signaling pathways mediating of ET-1 effect on AR
expression

After androgen withdrawal, ET-1 enhanced c-Myc expression, via activation of Src and PI-3
K signaling, leading to increased level of AR transcription.
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